matter 4 yr after planting when seeded with indiangrass, sideoats grama, and switchgrass, respectively (Posler et al., 1993) .
B ig bluestem is a warm-season perennial grass native
Illinois bundleflower has widespread distribution to the Great Plains of North America and a domithroughout the Great Plains (Latting, 1961) and is comnant species in tallgrass prairies (Weaver, 1954) . Big monly found on mesic sites with medium-textured soils bluestem provides productive, high-quality forage dur- (Wasser, 1982) . Illinois bundleflower has been investiing midsummer, when cool-season grasses are less progated as an alternative legume for forage systems and ductive (Jung et al., 1985; Krueger and Curtis, 1979) . is used in wildlife habitat plantings because of its prolific Big bluestem is often recommended for reseeding seed production (Holt, 1984; Turner et al., 1997) . Seed rangeland, pastures, and marginal cropland to improve yield from monoculture stands of Illinois bundleflower available forage, conserve soil, and provide wildlife habaveraged 570 kg ha Ϫ1 of seed over 2 yr (Piper, 1993) . itat. Forage quality and yield and wildlife habitat value Illinois bundleflower improved forage yields for 4 yr may be improved by planting legumes with warm-season when interseeded into established kleingrass (Panicum grasses, such as big bluestem (Posler et al., 1993;  coloratum L.) (Dovel et al., 1990) and improved forage Schweitzer et al., 1993; Wasser, 1982) .
yield and protein when seeded with switchgrass, sideoats Several studies have demonstrated the effects of grama, or indiangrass (Posler et al., 1993) . Some eviplanting legumes in established warm-season grass dence suggests that Illinois bundleflower may be a shortstands. In Pennsylvania, red clover (Trifolium pratense lived legume (Holt, 1984; Townsend et al., 1975) and sensitive to heavy grazing (Berg, 1990; Latting, 1961 ing establishment of these species planted in mixtures.
Within each whole plot, subplots were seeded with one of Weed interference during establishment is a primary three binary mixtures of Pawnee big bluestem and Illinois obstacle to establishing native legumes and warm-seabundleflower. The three binary seed mixtures were planted son grasses (Beran et al., 1999; Martin et al., 1982) . (Beran et al., 1999; Masters et al., 1996) . Pre- (Anderson, 1989) . Acceptable monoculture stands of Illinois emergence application of imazethapyr and imazapic imbundleflower were established when seeded at 300 PLS m
Ϫ2
proved establishment and dry matter yields of Illinois (Beran et al., 1999) . Seeds were planted at a 1.2-cm depth bundleflower and big bluestem monoculture stands using a seven-row plot drill with an 18-cm spacing between (Masters et al., 1996 ratings based on canopy coverage reduction of the dominant The soil at the Clay Center site was a Hastings silt loam (fine, weed species compared with plots that were not treated with smectitic, mesic Udic Argiustolls) and had been planted to herbicide. The dominant weeds at Clay Center were fall pansorghum [Sorghum bicolor (L.) Moench] the previous year, icum (Panicum dichotomiflorum Michx.) and Pennsylvania which was treated with a preemergence application of atrazine smartweed (Polygonum pensylvanicum L.). Yellow foxtail [Se-
Beauv.] and green foxtail [Setaria viridis (L.) diamine] at 1.6 kg a.i. ha Ϫ1 and metolachlor [2-chloro-N-(2-P. Beauv.] were the dominants at Lincoln, and fall panicum ethyl-6-methylphenyl)-N-(2-methoxy-1-methylethyl)acetaand yellow foxtail were the dominants at Mead. Big bluestem mide] at 2.0 kg a.i. ha
Ϫ1
. The seedbed was disked, harrowed, and Illinois bundleflower seedling density was determined by and cultipacked in preparation for planting. The soil at the counting the number of emerged seedlings in two 0.25-m 2 Lincoln site was a Sharpsburg silty clay loam (fine, smectitic, quadrats placed randomly within each subplot. mesic Typic Argiudolls) and soybeans, which were not treated Weed species composition and dry matter yield of big bluewith herbicide, were grown at the site the previous year.
stem, Illinois bundleflower, broadleaf weeds, and annual grass Glyphosate [N-(phosphono-methyl)glycine] was applied at 3.3 weeds were determined. Weed composition was assessed by kg a.i. ha Ϫ1 on 21 May 1996 to control the winter annuals field visually estimating weed species canopy cover as described by pennycress (Thlaspi arvense L.), wild mustard [Brassica kaber Daubenmire (1959) . To determine dry matter yield, vegetation (DC.) L.C. Wheeler], and shepherd's-purse [Capsella bursawithin two randomly placed 0.25-m 2 quadrats in each subplot pastoris (L.) Medik.] . No soil tillage was required at the Linwas clipped to a 2.5-cm height in 1996 on 17 August at Clay coln site prior to planting. The soil at the Mead site was a Center, on 26 August at Mead, and on 6 September at Lincoln. Sharpsburg silty clay loam that had been fallow and was not Herbage samples were separated into big bluestem, Illinois treated with herbicide for 2 yr leading up to experiment initiabundleflower, annual broadleaf weeds, and annual grass tion. Annual grass residue from the previous year was removed weeds, dried at 60ЊC for 72 h, and weighed. In 1997, big by burning on April 15, 1996, with no soil tillage before bluestem and Illinois bundleflower dry matter yield and Illiplanting.
nois bundleflower density were assessed on 23 July at Lincoln, Treatments were arranged in a split-plot design with weed 13 August at Clay Center, and 18 August at Mead. The planted control treatments applied to 8-by 5-m whole plots and big species were harvested using the same method as in 1996, bluestem and Illinois bundleflower binary mixtures seeded to except that locations where quadrats were placed in 1996 were 8-by 1.6-m subplots. Whole plots were arranged as a randomavoided during quadrat placement in 1997. Illinois bunized complete block with four replications at each site. Weed dleflower density was determined by counting the number of control treatments were no herbicide, and imazapic and imarooted stems within each quadrat. zethapyr applied at 70 g a.i. ha
. Prior to emergence of the Study sites were burned on 8 and 10 May 1997 at Mead planted species, herbicides were applied with a tractorand Clay Center, respectively, to remove plant residue. Fire mounted sprayer at 0.28 MPa to achieve a delivery rate of is commonly recommended to enhance new prairie plantings 190 L ha Ϫ1 . Methylated sunflower seed oil and 28% urea ammonium nitrate at 1.25% v/v were added to the spray soluin the Great Plains (Anderson, 1989; Schramm, 1992 Clay Center were reduced by imazapic and imazethapyr when compared with areas where no herbicide was ap-
RESULTS AND DISCUSSION
plied (Table 2 ). In contrast, fall panicum canopy cover was greater on areas treated with the imazethapyr and Seedling density of big bluestem and Illinois bunimazapic than on areas not treated with herbicide. dleflower responded similarly to herbicide treatments Monthly precipitation at the Clay Center site in May and seed mixtures across sites. Precipitation was above 1996 was 100 mm above the 30-yr average (Fig. 1) , and average at all sites in May 1996 (Fig. 1) and appeared likely reduced the amount of herbicide present in the to provide sufficient water for seed germination and surface soil where fall panicum seeds were germinating seedling emergence. Big bluestem seedling density was in June 1996. At the Mead site, precipitation patterns in the establishment year may have also influenced weed control and dry matter yield of big bluestem and Illinois bundleflower. Compared with 30-yr averages, precipitation in May 1996 was 65 mm above normal and from 1 June to 31 Aug. 1996 was 190 mm below normal (Fig. 1) . Although imazapic and imazethapyr reduced yellow foxtail canopy cover, herbicide-treated areas had greater fall panicum cover than nontreated areas, and bed too wet to plant. Delaying the herbicide application until after the precipitation events in May 1996 may annual grass yields that were similar to those in nontreated plots (Table 2) . As with the Clay Center site, have contributed to greater control of both annual grass and broadleaf weeds. Unlike the Mead and Clay Center above-average precipitation in May 1996 may have contributed to reduce efficacy of the April-applied herbisites, imazethapyr and imazapic reduced the canopy cover of fall panicum and the herbage of grass and cides and control of fall panicum. Fall panicum interference combined with dry conditions from June through broadleaf weeds at Lincoln (Table 2 ). Annual grass yields averaged less than 1.0 Mg ha Ϫ1 in herbicideAugust likely affected first-year production of Illinois bundleflower and big bluestem in the herbicide-treated treated areas and 5.2 Mg ha Ϫ1 where no herbicide was applied. Illinois bundleflower dry matter yields were areas. Illinois bundleflower yield was less than 0.2 Mg ha Ϫ1 and was not improved by herbicide treatments 3.5 and 4.2 Mg ha Ϫ1 when treated with imazapic and imazethapyr, which were greater than the 0.2 Mg ha Ϫ1 (Table 4) . Big bluestem yield was greater in imazapictreated plots than in nontreated plots. Total forage yield produced where no herbicide was applied (Table 5) . Big bluestem yields were also improved by herbicide of Illinois bundleflower and big bluestem was improved with either imazethapyr or imazapic, but was less than treatments, and were greatest where imazapic was applied and big bluestem was seeded at 220 PLS m Ϫ2 .
Mg ha

Ϫ1
.
Planting and herbicide application at the Lincoln site
Total forage yield of the seeded mixtures exceeded 5.5 Mg ha Ϫ1 where imazethapyr or imazapic was applied. was delayed until 22 May and 3 June 1996, respectively, because rainfall events through mid-May kept the seedIn 1997, big bluestem and total forage yield were Table 3 . Illinois bundleflower (IB), big bluestem (BB), total forage (BB ϩ IB) yields measured in the establishment year (1996) and the year after planting (1997) as affected by herbicide main effect or herbicide ϫ seed mixture interaction at a site near Clay Center, NE. consistently greater where imazethapyr or imazapic was have been another factor contributing to lower Illinois bundleflower yield compared with that observed at Linapplied in 1996 compared with no herbicide treatment. Big bluestem dry matter yield averaged 4.5, 5.1, and 7.6 coln, where residue was not burned. When sampled in 1997 at Clay Center, Illinois bundleflower stem density Mg ha Ϫ1 in herbicide-treated areas at Mead (Table 4) , Clay Center (Table 3) , and Lincoln (Table 5) , respecaveraged 34 m Ϫ2 and dry matter averaged 0.2 Mg ha Ϫ1 (Table 6 ). At Lincoln, Illinois bundleflower seeded at tively. A significant herbicide ϫ seed mixture interaction was detected for total forage yield at Clay Center.
110 PLS m Ϫ2 had a similar stem density of 40 stems m Ϫ2 , but yielded 1.6 Mg ha Ϫ1 . Thus, burning at Clay Center Total dry matter yield was greatest when big bluestem was seeded at 165 or 220 PLS m Ϫ2 and treated with may have increased big bluestem competition, thereby reducing Illinois bundleflower yield per stem. At the imazapic. At Lincoln, total forage yield where imazapic and imazethapyr were applied averaged 10.9 Mg ha Ϫ1 , Mead site, burning did not affect yields of Illinois bundleflower in 1997 as no viable plants were observed. with 28% of the dry matter from Illinois bundleflower (Table 5 ). Total forage yield was greatest where big These experiments provide evidence that imazapic and imazethapyr reduced weed interference and imbluestem was seeded at 220 PLS m Ϫ2 and Illinois bundleflower contributed 18% of the total forage yield proved establishment and forage yields of big bluestem seeded with Illinois bundleflower. At all sites in 1996 when averaged across herbicide treatments (Table 6) . At Mead, big bluestem comprised the total forage yield and 1997, big bluestem yields were greater where imazapic was applied in the year of planting than where because Illinois bundleflower failed to establish.
Illinois bundleflower persistence and yield in 1997 no herbicide was applied. At Lincoln in 1997, Illinois bundleflower and total forage yields were greatest varied by site, despite initial similarities in seedling densities across the three study sites in 1996 (Table 2 ). This where imazapic or imazethapyr was applied in 1996. In contrast, fall panicum interference at Mead and Clay variability may have been influenced by annual grass interference and precipitation levels in 1996. At Clay Center appeared to reduce Illinois bundleflower growth and establishment in 1996, and contributed to the failure Center, where annual grass interference with seedlings was high and 1996 Illinois bundleflower yields were of Illinois bundleflower to persist into 1997 at Mead. The effects of the seeding rates were less consistent usually less than 1.0 Mg ha Ϫ1 , Illinois bundleflower yields were less than 0.3 Mg ha Ϫ1 in 1997, regardless of across sites in part because of the low yields at Clay Center and poor survival at Mead of Illinois bunweed control treatment or seed mixture (Table 3 and  6) . At Mead, Illinois bundleflower did not persist and dleflower. At Clay Center and Lincoln, total forage yields in 1997 were highest where big bluestem was no plants were found in 1997 (Table 4 and 6). High annual grass production and below-average precipitaseeded at 220 or 165 PLS m
Ϫ2
. Based on 1997 yields at the Lincoln site, Illinois bundleflower comprised 18 and tion at Mead during 1996 probably reduced Illinois bundleflower seedling growth and development, which led 28% of the total forage in these mixtures. Further evaluation is needed to determine the appropriate proportion to poor survival in 1997. At Lincoln, where annual grasses were controlled during 1996, Illinois bunof Illinois bundleflower required to optimize forage quality and persistence in binary mixtures. dleflower yields in herbicide-treated areas averaged 3.3 Mg ha Ϫ1 in 1997 (Table 5) . Imazapic and imazethapyr can be used to improve the establishment of big bluestem planted with Illinois Burning in the spring of 1997 at Clay Center may Table 5 . Illinois bundleflower (IB), big bluestem (BB), and total forage (BB ϩ IB) yields measured in the establishment year (1996) and the year after planting (1997) as affected by herbicide main effect or herbicide ϫ seed mixture interaction at a site near Lincoln, NE. 
